Silicon microstrip line devices with 260 nm planar microfluidic channels are fabricated and used to investigate water dielectric saturation effects. Microwave scattering parameter measurements are conducted from 1 GHz to 16 GHz under different uniform DC electric fields. When the applied DC field is increased to ~ 1 MV/cm, the measured transmission coefficient S21 is increased up to 18 dB, which indicates a large change of water dielectric properties. Extracted water permittivity (ε = ε′ + jε″) shows that ε′ and ε″ are changed up to 70% and 50%, respectively.
Dielectric properties of water under high electric fields, i.e., dielectric saturation of water, are essential for the understanding of a wide range of systems. Experimental investigations of water dielectric saturation include a widely quoted work that achieved a field intensity of ~ 150 kV/cm with a ~ 6 µs electrical pulse at a measuring frequency of ~ 10 MHz [1] . More recently, Kerr-effect was used to measure water dielectric permittivity with 20 ns electrical pulses applied between a hemispherical and a plane electrode [2] . Up to 4 MV/cm peak electrical fields were obtained. Water refractive index change at 474 terahertz was observed. Despite these results, experimental studies of water dielectric saturation are technically very difficult [3, 4] .
The challenges include introducing uniform, high electric fields across water samples without causing water breakdown and temperature change while enabling the use of sensitive test equipment. For instance, it is well known that breakdown happens at a DC field of ~ 100-200 kV/ cm in experimental setups filled with deionized (DI) water [5, 6] . The field intensity is far below 1-10 MV/cm at which significant saturation effects occur [3, 4] . On the other hand, commercial vector network analyzers (VNA), which are standard instruments for dielectric spectroscopy characterizations of materials, are limited to 40 V DC voltages [7] . It prohibits the use of VNAs in high-voltage systems that have been developed for water dielectric saturation studies.
As a result, most of water dielectric saturation work is conducted either theoretically or through computer simulations. Consequently, various water dielectric permittivity values, from 5 to 80, have been suggested in different research efforts [4] . Contradictions may arise as well. For instance, a molecular dynamics (MD) simulation [3] shows ~ 50% DC water permittivity reduction when a 5 MV/cm DC electric field was applied while a ~ 100 MV/ cm DC field was needed for water dielectric saturation to occur in another MD simulation [8] .
In this work, we develop a microwave microfluidic device and investigate water dielectric saturation effects under GHz range. We report our fabrication and characterization of the devices as well as our measurement results of DI water at ~ 1 MV/cm DC electric field levels. Silicon microstrip lines with 260 nm deep planar microfluidic channels are fabricated. A silicon-on-insulator (SOI) wafer is used as the bottom wafer, which has a 25 µm thick p-type device layer (resistivity of 0.001-0.002 Ω·cm) and a 1.5 µm thick oxide layer. The top wafer is a double-side-polished (DSP) p-type Silicon (Si) wafer with thickness of 350 µm and resistivity of 0.001-0.002 Ω·cm. A ~ 260 nm deep, 75 µm wide and 500 µm long Si trench is patterned and dry etched into the device layer of the SOI wafer. After Si-Si direct fusion wafer bonding and subsequent hightemperate annealing to improve bonding strength, an inverted microstrip line is formed. The signal line which bears the 260 nm trench is patterned and fabricated into the bottom SOI wafer. The line also serves as a DC electrode. The top DSP wafer is the ground plane for the inverted microstrip line and serves as the second DC electrode. The large aspect ratio of the planar channel (i.e., 75 µm vs. 260 nm) provides uniform electric fields across DI water that fills the channel since fringe fields are negligible.
Microwave scattering parameter measurements are conducted to study water dielectric properties from 1 GHz to 16 GHz under different uniform DC electric fields. When the applied DC field is increased to ~ 1 MV/cm, the measured S21 is increased up to 18 dB, which indicates a large change of water dielectric properties. The extracted water permittivity values show that ε′ and ε″ are changed up to 70% and 50%, respectively. Further work is needed to improve data extraction accuracy and to conduct a greater array of measurements in similar devices with different channel depth over a broader frequency range in order to better understand water dielectric saturation properties.
